INTRODUCTION {#sec1-1}
============

Respiratory viral infections in adults cause significant morbidity and mortality, especially in high-risk patients.\[[@ref1][@ref2]\] Influenza is considered an important respiratory infection. The influenza syndrome has typically sudden onset and is characterized by fever, headache, sore throat, cough, nasal congestion, myalgia, vomiting, and loss of appetite.\[[@ref3]\] Influenza viruses are recognized as single-stranded, enveloped negative-sense RNA particles, and they belong to the viral family of orthomyxoviridae. Three types of them exist, including influenza A, B, and C. All types can infect humans, but both types A and B are considered human pathogens. Only viruses of the Group A genus have been isolated from birds and termed avian influenza viruses (AIVs).\[[@ref4]\] Influenza type A viruses are divided into subtypes based on genetic and antigenic differences in the two surface spike proteins, hemagglutinin (HA) and neuraminidase (NA).\[[@ref5]\] Most influenza infections are spread by virus-laden respiratory droplets several microns in diameter that are expelled during coughing and sneezing.\[[@ref6]\] Fomites represent another mode of transmission. Influenza has the potential to transmit into human by birds or pigs.\[[@ref6]\] The negative-sense RNA genome of influenza A virus is composed of eight segments; these segments are responsible for encoding 12 proteins. In the last stage of viral assembly, these genomic virion RNAs are incorporated into the virion as it buds from the apical plasma membrane of the cell.\[[@ref7]\] Genome segmentation confers evolutionary advantages for the virus, however also causes a limitation during the virion assembling because at least one copy of each of the eight segments is required to form a fully infectious virus particle.\[[@ref7]\]

The potential of genetic reassortment of influenza A viruses, due to segmented genome of them, from different animal species is thought to be a mechanism for the development of influenza viruses with pandemic potential.\[[@ref8]\]

Avian and animal influenza viruses can sporadically enter to humans, causing outbreaks with different levels of severity. In some cases, the human-to-human virus transmission does not take place. In other cases, the human-to-human transmission can occur, resulting in worldwide influenza pandemics.\[[@ref9]\]

Previous reports\[[@ref10][@ref11]\] showed that the avian to human transmission of two avian viruses including H5N1 and H9N2 is possible. This review focused on H9N2, its infections in human, pandemic potential, surveillance, and prevention of its spread.

AVIAN INFLUENZA H9N2 {#sec1-2}
====================

The type A of influenza viruses is naturally circulating viruses in waterfowls, which does not cause any clear symptoms in them. However, for domestic fowls including chickens, geese, ducks, and turkeys the transmission of influenza A viruses can promote some difficulties. The basis for classification of influenza A viruses is the two glycoproteins of them. HA and NA glycoproteins are expressed on the surface of influenza viruses. Up to now, 15 (or 16)\[[@ref12]\] HA and 9 NA types have been reported in birds worldwide.

The H9N2 subtype was isolated for the first time from turkeys in the Northern state of United States in 1966.\[[@ref13]\] Afterward, this subtype was isolated from wild birds of that area, then detected from domestic poultry of Europe, Africa, Asia, and the Middle East.\[[@ref4]\] The subtype H9N2 is just limited to the wild birds in North America.\[[@ref14]\] However, H9N2 is endemic in domestic poultry and frequent outbreaks in Asian countries including Iran, Saudi Arabia, Pakistan, and Iraq\[[@ref4]\] have been reported previously. In Iran, an H9N2 outbreak in poultry farms took place in 1998\[[@ref15]\] and now circulates endemically, and vaccination of poultry is a routine program.\[[@ref16]\] Hence, infections with this subtype are often asymptomatic or with mild illness. From deadliness point of view, there are two groups of AIVs high pathogenicity (HP) and low pathogenicity (LP) AIVs. H5 or H7 subtypes are considered HP but H9N2 is an LP one. LP viruses usually cause mild or asymptomatic disease in poultry whereas HPs are associated with severe symptoms and high mortality. H9N2 circulation in domestic birds has both economic and health consequences. Despite the LP nature of H9N2, co-infection of poultry with noninfluenza respiratory pathogens can enhance the severity of the clinical syndrome in poultry, reduction in the yield of products derived from chicken and higher rates of morbidity. On the other hand, lower range of pathogenicity and to some extent mild illness of poultry through infection with this subtype in domestic poultry reinforces the likely hood of being a carrier host for this subtype; consequently, result in raising concerns on crossing the species barrier, contribution in the emergence of novel viruses and causing new pandemics.

AVIAN INFLUENZA H9 AT AVIAN-HUMAN INTERFACE {#sec1-3}
===========================================

The illness of domestic poultry either in asymptomatic or mortal form is public health threat because infected poultry excretes high amounts of flu viruses in nasal fluid, saliva, and other body fluids also via feces. According to Food and Agricultural Organization of the United Nations, one gram of viral contaminated feces has sufficient viruses that potentially can infect 1 million other fowls.\[[@ref17]\] The potential of AIV for transmission into domestic poultry raises great concerns regarding both occupational and public health.

Health and safety executive states that occupational exposure to avian influenza may occur in those who are in close contact with infected birds or humans; work with materials or products from infected birds; or are in contact with waste products from infected birds.\[[@ref7]\] Previous reports\[[@ref8][@ref9]\] showed that the avian to human transmission of two avian viruses including H5N1 and H9N2 is possible. Several reports of seropositivity in occupationally or nonoccupationally exposed people have been documented. [Table 1](#T1){ref-type="table"} summarizes the evidence of seropositivity in poultry workers, slaughterhouse workers, and other handlers of poultry.

###### 

Seropositivity for H9N2 in occupationally poultry-exposed groups
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[Table 1](#T1){ref-type="table"} shows that transmission of H9N2 from poultry to occupationally exposed groups can occur; these workers are more likely to be seropositive for H9N2 than nonexposed persons.

Although the vaccination history of seasonal influenza was reported by exposed workers in a majority of studies. None of them examined the effectiveness of human vaccination on genetic reassortment of AIVs. In a number of studies, a cross-reactivity between avian and human influenza viruses was detected\[[@ref16][@ref20][@ref29]\] which may cause a type of immunity to prevent generation of reassortant novel pandemic viruses. This hypothesis has not been confirmed; however, immunization is highly recommended for poultry exposed workers because of their usual contacts with infected birds. By the way, several studies documented that slaughter-house workers showed a higher percentage of seropositivity than other groups of workers. Because butchers in slaughter-houses are in close contact with visceral parts of chickens, therefore, it will result in more than usual exposure to viral infected material and surfaces.

In 1999, isolation of H9N2 viruses from nasopharyngeal aspirate specimens of two children was confirmed for the first time in Hong Kong.\[[@ref29]\] In fact, the H9N2 viruses had obtained the receptors very close to those of human influenza viruses that had transmitted directly to humans.\[[@ref30]\] The transmission of H9N2 can cause mild respiratory symptoms in human. Freidl *et al*. reported that there have been 15 confirmed human infections with AIV A (H9N2), up to now.\[[@ref31]\] [Table 2](#T2){ref-type="table"} summarizes the cases of human infection with H9N2. According to [Table 2](#T2){ref-type="table"}, only two of 15 cases had not been exposed to birds. The transmissions of H9N2 to human that grow or work with the birds are documented in the literature, but some studying limitations restricted the estimation of real frequency of the cross-species transmission of H9N2. Among AIVs H5N1 has been caused the highest death cases (\~370) since its first emergence in Hong Kong in 1997. In comparison, infections of human with H9N2 were not fatal. Matrosovich *et al*. reported that Asian poultry H9N2 viruses show human virus receptors like specificity.\[[@ref39]\] Therefore, H9N2 has the potential to become human-to-human transmissible, but there is not any report of transmission of it between humans.

###### 

Reported human infections with H9N2
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The genetically reassortment of AIVs from different species is considered to be a mechanism for new influenza virus development having pandemic potential. Each influenza viruses from different animals such as human, avian and swine are capable to circulate particularly within their original species. However, influenza viruses have the ability to transmit to nonnative hosts.

The previous literature emphasized that ideal mixing vessel for the generation of novel AIVs is swine. Peiris *et al*. reported co-circulation of H9N2 and human H3N2 subtypes in pigs that increase the possibility of being an intermediate host for the emergence of new reassortants pandemic subtypes.\[[@ref40]\]

However, recent research archive shows that both swine and human have the potential to act as AIVs re-assortment mixing vessels. A comparison between the receptors of human, swine, and birds clearly reveals that the reverse human to avian transmission of human influenza viruses is less probable. However, mammals including human and swine have closer receptors.\[[@ref41]\] Therefore, human in particular people with occupational close contacts with infected birds may act as mixing host for the emergence of novel reassortants \[[Figure 1](#F1){ref-type="fig"}\]. This reassortment between avian and human viruses is an antigenic shift. In 1999 first human-avian reassortant of H9N2 was isolated from humans in Europe.\[[@ref42]\]

![Antigenic shift of influenza viruses. Occupationally exposed workers may act as mixing host for emergence of novel influenza reassortants](JRMS-21-51-g003){#F1}

Recently, antigenic and phylogenetic studies of H9N2 viruses isolated from markets in Hong Kong showed that in the H9N2 genome, six segments were originated from Chinese H9N2 virus, but the PB1 and PB2 genes are very near to both the H5N1 viruses and an H9N2 isolated from Hong Kong quail.\[[@ref5]\] These reports highlight the antigenic shifts of H9N2 because of endemic status of this subtype in Asian countries. On the other hand, Liu *et al*.,\[[@ref51]\] showed that the real incubators for human-avian adapted influenza viruses are poultry with H9N2 infection. The emergence of novel reassorted virus emphasizes the potential high risk of, transmission of subtype H9N2 viruses to humans.\[[@ref43]\] Furthermore, according to the WHO report, the genotype of H7N9 viruses which isolated from Chinese infected humans in 2013 possibly have originated by reassortment between H9N2 viruses of poultry and H7 and N9 genes career ducks in China.\[[@ref44]\]

Due to the lack of immunologic memory for newly emerged influenza viruses that earned the capacities of both transmissions to and among humans, will be spread quickly in human populations, consequently will be resulted in pandemic. There have been a period of 10--50 years between the emergence of pandemics since the 16^th^ century.\[[@ref45]\] Therefore, it is not predictable when a new pandemic influenza strain will emerge. There are no reports of human-to-human transmission of H9N2, previously.\[[@ref29]\] Furthermore, there has not observed any cases up to now.

H9N2 VIRUS SURVEILLANCE {#sec1-4}
=======================

Avian influenza is a global threat for public health but sustained, coordinated, and comprehensive global programs to monitor the genetic diversity of AIVs circulating in avian human interfaces are very few.\[[@ref46]\] AIVs surveillance can be directed in three main groups including wild birds, domestic poultry, and also in occupationally exposed populations. The surveillance programs in those groups are critical for awareness of the persistence, intraspecies and interspecies transmission and evolution of AIVs.

In recent literature, H9N2 surveillance was reported from different countries.\[[@ref46][@ref47][@ref48][@ref49]\] However, wild birds which are the main reservoir for all AIV species and key players of evolution and spread, surveillance in wild birds for AIVs is lacking, limited to the last outbreak virus and geographically biased.\[[@ref46]\] In the West Bengal State from India, active AIV surveillance in wild, resident, migratory birds, and domestic poultry was performed from 2009 to 2011.\[[@ref50]\] During aforementioned period, the presence of low pathogenic H9N2 and H4N6 viruses was confirmed in chickens, and domestic ducks by researchers which necessitate implementation of controlling investigations to prevent the spread of AIVs.\[[@ref50]\] Two surveillance program in Egypt performed from 2010 to 2013 and from 2012 to 2013 among various regions and poultry production sectors that showed co-circulation of subtype H9N2 viruses with subtype H5N1 viruses, as well as frequent co-infection of the same avian host. The co-circulation of these two subtypes poses a concern for probable reassortment.\[[@ref47][@ref48]\]

A serosurveillance in occupationally poultry-exposed workers was conducted in Shanghai, China, from 2008 to 2010. Evidence for the presence of anti-H9 antibodies in a high percentage of workers was detected. Furthermore, more than 200 H9N2 AIVs were isolated from cloacal and tracheal swabs collected from the poultry in live poultry, and more than 700 influenza viruses (H3N2, H1N1, B) were isolated from nasal/throat of patients having influenza symptoms.\[[@ref49]\] This co-circulation strengthens the probability of reassortment between avian and human influenza viruses. Therefore, long-term surveillance of AIVs in occupationally exposed workers has great importance.

CONCLUSION {#sec1-5}
==========

The novel avian-human influenza virus that could cause a pandemic is a great concern; H9N2 AIV that has the potential to grow in human is prone to generate it. Liu *et al*. suggested eradication of poultry carrying AIV H9N2 as the incubators for wild AIV by slaughtering them that prevent human infection, elimination of live poultry markets, and disinfection of these places.\[[@ref51]\]

Obtaining enough knowledge on the influenza A H9N2 and other viruses circulating in avian-human interfaces and vaccination against seasonal influenza for occupational groups in direct contact particularly in slaughter-houses and development of effective antiviral agents is recommended. International surveillance programs for managing the future risks of H9N2 circulation at avian-human interface seem necessary.
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